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© Lumen tracking atherectomy system. 

© An atherectomy system (10) for opening an ob- 
structed vessel (13) comprising a helically shaped 
flexible guide-wire assembly (140) insertable into the 
vessel and having a trapezoidal cross section which 
narrows in width with increasing radial distance from 
the center of the helical portion, and a flexible cath- 
eter (21) slidable over the flexible guide-wire and 
having a blade (22) at its distal end. 
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This inv ntion relat s to a lum n tracking at- 
h rectomy system. 

With age, a larg percentag of th population 
d v lop atherosclerotic obstructions in their blood 
vessels which diminish circulation and induce se- 
rious illnesses such as heart attacks and strokes. 

It is an object of the present invention therefore 
to provide an atherectomy system which can open 
obstructed vessels. The term "atherectomy" as a 
v rb shall mean the opening of an obstructed ves- 
sel by removing and/or displacing material which 
obstructs the vessel while externally dilating the 
vessel to ease the insertion and extraction of the 
system, and constricting the vessel to make the 
atherectomy more effective. 

Additionally, alternate dilating and constricting 
of the vessel, which is synchronized with the pa- 
tient's own cardiovascular rhythmic pumping, can 
be used to enhance blood flow in the vessel in 
order to reduce the risk of clot formation and to 
improve healing of the vessel and the tissue that it 
serves. 

According to the invention, there is provided an 
atherectomy system for opening an obstructed ves- 
sel characterised by a flexible guide-wire assembly 
insertable into the vessel, at least a portion of 
which is made of a helical wire having a trapezoidal 
shaped cross-section which narrows in width with 
increasing radial distance from the center of the 
helical portion, and a flexible catheter slidable over 
said flexible guide-wire assembly having a blade at 
its distal end. 

Preferably, the helical wire is made of a lay- 
red construction. 

A preferred atherectomy system of the present 
invention will now be described, by way of example 
only, with reference to the accompanying drawings, 
in which:- 

FIGURE 1 generally shows a first atherectomy 
system inserted through the skin in the groin 
area through a patient's arterial system, into an 
obstructed coronary vessel in the patient's heart. 
A second atherectomy system is also shown 
inserted in the groin area, through the skin, into 
an obstructed vessel of a lower leg which is 
disposed in a vacuum/pressure chamber. 
FIGURE 2 shows a cross sectional view of an 
atherectomy system with a flexible guide wire 
assembly in which the middle portion of the 
atherectomy system has been removed for ease 
of illustration. 

FIGURE 3 shows an enlarged, partial section 
view of the distal region of the system indicated 
by th r fer nee num ral 3 in FIGURE 2. 
FIGURE 4 shows an enlarged, partial section 
nd view of the fl xible guid wir assembly 
and 



FIGURE 5 shows an nlarged, partial section 
vi w of the distal region of th syst m indicated 
by the ref r nee numeral 3 in FIGURE 2, which 
utiliz s a modified h lical wir having a 

5 trapezoidal cross section. 

FIGURE 1 schematically shows one atherec- 
tomy system 10 inserted at the groin area through 
the skin, through a patient's arterial system, into a 
coronary vessel 13, in the patient's heart 11, which 

w is obstructed by an obstruction 12. A second at- 
herectomy system 10 (similar parts will be in- 
dicated by the same numbers throughout the FIG- 
URES) is inserted at the groin area through the 
skin, into a vessel 13', in the patient's lower leg 

is 11', which is obstructed by an obstruction 12'. The 
leg is shown inserted through an opening 53 which 
seals around the leg, through a secondary chamber 
through an opening 51 which also seals around the 
leg and into an adjacent primary chamber 50. The 

20 secondary chamber is connected to a sump 54 
which is vented to the atmosphere, and to a first 
port of a solenoid valve 55 by a T shaped conduit 
56. The primary chamber is connected to a second 
port of the solenoid valve by a conduit 57. A pump 

25 60 has its pressure port connected to a third port 
of the solenoid valve by a conduit 58 and has its 
suction port connected to a fourth port of the 
solenoid valve by a conduit 59. 

When solenoid 61 is not energized, the sole- 

30 noid valve internally connects its first port to its 
third port and its second port to its fourth port, as 
shown in FIGURE 1 in solid lines, and then the 
pump 60 creates negative pressure in the primary 
chamber. When the solenoid 61 is energized it 

35 causes the valve to cross its internal connections, 
as shown in FIGURE 1 in intermittent lines, and 
connects port one to port four and port two to port 
three, and then the pump creates positive pressure 
in the primary chamber. 

40 When the pump 60 creates negative pressure 
in the primary chamber, it lowers the pressure in 
the lower leg's tissues which surround the vessel 
13', dilating the vessel to ease in the insertion 
thereto of the flexible guidewire assembly prior to 

45 the atherectomy, and it can also be used to ease in 
the extraction of the system at the end of the 
procedure. During the atherectomy procedure, 
positive pressure in the primary chamber elevates 
the pressure in the lower leg's tissues, constricting 

so the vessel, to enhance the procedure's effective- 
ness by inducing more obstruction material into the 
atherectomy system. At the end of the procedure 
negative pressure can be applied to the surround- 
ing tissu in ord r to dilat th vessel and th r by 

55 ease in the xtraction of th atherectomy syst m. 

The medium used in the primary and secon- 
dary chambers can be gas such atmospheric air, or 
if the leg suffers from ulcerating wounds (which 



2 



3 



EP 0 672 386 A1 



4 



often accompany sev r atheroscl rotlc disease) 
sterilized gas with a high oxyg n content and anti- 
bact rial ag nts may be pr f rred. Optionally, th 
chambers can be filled with liquid (for xample, 
lukewarm saline solution) to allow for rapid cycling 
of alternating negative/positive pressure in the pri- 
mary chamber, in response to a small volume 
pumped out/into the chamber at the rate of tens of 
cycles per minute, without resorting to large and 
potentially noisy pumps and valves. As the pres- 
sure in the primary chamber rises and falls it may 
create small leakage between the chambers, how- 
ever, since both chambers contain liquid this does 
not result in air ingression into the primary cham- 
ber or in liquid leaking out of the system. In cases 
that only gas is used as a medium, the secondary 
chamber can be eliminated to simplify the hard- 
ware. 

The alternating pressure is produced by a con- 
trol unit 70 which alternately energizes and de- 
energizes the solenoid through wires 72. The con- 
trol unit also monitors, through a wire harness 71 
(which is of the type that is used in EKG testing), 
the patient's own cardiovascular rhythmic pumping 
of blood and can synchronize the alternating pres- 
sure with it to enhance blood flow through the 
vessel 13\ 

The patient's leg may be kept in the primary 
chamber for a period of time to lower the likelihood 
of blood clots developing in the leg and to assist in 
the healing of the leg. 

FIGURE 2 shows the atherectomy system 10 
for removing obstruction material 12 from within the 
patient's vessel 13 which comprises several elon- 
gated parts in a nested relationship. The parts' 
ends will be referred to as "distal" meaning the 
ends which go further into the vessel and 'proximal' 
meaning the other ends. Thus, 'distally" shall in- 
dicate a general direction from the proximal end to 
the distal end, and "proximally" shall refer to an 
opposite direction. 

The atherectomy system comprises: 
A flexible guide wire assembly 140 insertable into 
the vessel. 

A flexible catheter 21 slidable over the flexible 
guide wire assembly, having a blade 21 at its distal 
end. The flexible catheter defines a passage 25, 
around the flexible guide wire assembly, for ingest- 
ing the obstruction material. 

In smaller versions of the system, the proximal 
end of the flexible guide wire assembly is prefer- 
ably a hollow extension 17 made of a thin walled 
stainless steel tube, whereas in larger versions the 
hollow xt nsion is pr ferably mad of a stainl ss 
steel wir windings lik the catheters shown in US 
patent 4,819,634. T the extent that the construc- 
tion and materials of the h Ileal wir and a struc- 
tural lem nt of th hollow xtension ar similar, 



th y can be mad integral to r liably and ec- 
onomically form a connection between the helical 
wire and the hollow extension. 

Th hollow extension and th h lical wir are 

5 both slidable over the flexible guide wire 160 which 
can be a commercially available standard guide 
wire. Bio-compatible coatings or lubricants may be 
disposed on the various parts of the flexible guide 
wire assembly, to ease their motion relative to the 

70 obstructed vessel or to one another, and to prevent 
blood clots from developing around them. A helical 
void is defined between the coils of the helical wire 
170 for containing and holding the obstruction ma- 
terial. 

75 Coupling means in the form of a conical seat 

27 couples the flexible catheter to a drive means in 
the form of a motor assembly 28 having the hollow 
shaft 29 with a matching tapered end 31 and a seal 
32 at its other end. The helical wire 170 takes up 

20 the free play between the flexible guide wire 160 
and the flexible catheter 21 , concentrically aligning 
one with the other. A void defined between the 
helical wire's coils serves to hold the obstruction 
material during the atherectomy and to restrain the 

25 cut obstruction material from freely rotating around 
the flexible guide-wire, and to the extent that the 
obstruction material is fictionally rotated by the 
flexible catheter, this rotation is translated by the 
helical wire to urge the cored obstruction material 

30 proximally in the passage. 

Optional suction is applied to the passage 25 
by an adaptive suction system, through a port 33 
which communicates with a groove 34 defined by a 
motor assembly's housing 28', which communi- 

35 cates with hole 39, which communicates with a 
hollow shaft 29, which communicates with the 
proximal end of the passage 25. The suction is 
provided by a motor and pump assembly 43 with 
the motor being, preferably, a variable speed mo- 

40 tor, and with the pump being, preferably, a positive 
displacement pump such as a piston pump or a 
peristaltic pump, which limits the amount of blood 
removed through the passage in the flexible cath- 
eter to the volume that is displaced by the pump. 

45 When only blood is flowing in the passage and 
through a conduit 45, the negative pressure in the 
conduit 45 is low. When obstruction material enters 
the passage, a higher negative pressure is needed 
to pull it proximally, and as the negative pressure 

so increases, the leakage and volumetric losses in the 
pump increase, leading to a diminished flow 
through the conduit 45. A signal corresponding to 
the diminished flow is generated by a flow sensor 
44, which is installed in th conduit 45, and this 

55 signal is transmitted to the control unit 19 via wires 
20, and the unit 19 responds, through wires 24, by 
incr asing th pumping rat of assembly 43 to 
mak up for these high r volumetric losses. As 
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soon as the obstruction particles pass through th 
atherectomy system and the resistance t flow 
through the conduit decreases, the flow rate in- 
cr ases, and th flow sensor transmits to th con- 
trol unit a corresponding signal which causes the 
control unit to decrease the pumping rate of as- 
sembly 43 in order to avoid excessive removal of 
blood from the patient. 

A flexible sleeve 71 is used to introduce the 
flexible catheter into the vessel and direct it to the 
obstruction's site. A nipple 72 which is connected 
to the flexible sleeve through an annular chamber 
73 can be used for fluid delivery into the vessel. 

FIGURE 3 shows an enlarged, partially sec- 
tioned view of the distal region of the system which 
is marked with the reference numeral 3 on FIGURE 
2. The helical wire 170 has a trapezoidal shaped 
cross-section. The term "trapezoidal shaped cross- 
section", as used herein, means a cross-section 
which narrows in width with increasing radial dis- 
tance from the center of the helical portion. For 
example, the width of the cross-section {widths 
and distances are shown by means of double ar- 
rowed lines which are in turn marked by numerals) 
is 94 at a radial distance 93 from the center of the 
helical portion which is marked by line 90 and the 
width of the cross-section narrows to 92 at a radial 
distance 91. 

Since the cross-section's narrow side 73 is on 
the outer periphery of the helical wire it is sunken 
deeper into the obstruction material than the wide 
side 74, as illustrated in FIGURE 3. Forces which 
develop between the displaced obstruction material 
and the helical wire against side surfaces of the 
trapezoidal cross section, 68 and 69, are illustrated 
by arrows marked 75 and 76, respectively, and the 
resultant of these forces is a radial force marked 77 
which urges the helical wire towards the center of 
the lumen, urging the helical wire and subsequently 
the flexible catheter, to track, and thereby stay in 
the lumen. In addition, the deeper layers of ob- 
struction material, which are closer to the wall of 
the vessel 13, are older and tend to be harder and 
since the trapezoidal cross-section displaces less 
of this harder layer, the overall resistance to the 
threading of the helical wire through the obstruction 
is reduced, compared to, for example, a helical 
wire with a round or a square cross section. 

To prevent the helical wire from entangling with 
the flexible guide, the distal entry to the void be- 
tween its coils is partially closed by a thin arcuate 
gate 80 which is preferably made from radio opaq- 
ue material to enhance its visualization when view- 
ed using X ray equipm nt. 

FIGURE 4 shows an nlarged, partially sec- 
tioned end vi w of th fl xibl guide wir assembly 
with the fl xibl guid wir 160, th h lical wir 
170, the gat 80 and the sharpened distal tip 81 of 



th helical wir . 

FIGURE 5 shows an enlarged, partially sec- 
tioned vi w of th distal region of th syst m which 
is marked with th reference num ral 3 on FIGURE 

5 2, which utilizes a modified helical wire 170' made 
of two layers 84 and 86 which individually have a 
triangular cross-section. The two layers are encap- 
sulated together in a plastic jacket 85, forming 
together a trapezoidal shaped cross-section. The 

io plastic jacket makes the two layers thread through 
the obstruction material as one piece but it is 
sufficiently flexible not to effect their cross-section 
modulus. Thus the multi-layer construction has a 
substantially lower cross-section modulus around 

is their neutral axis which is parallel to axis 87 as 
compared with a similarly sized non-layered cross- 
section shown in FIGURE 3, but it has a minimal 
effect on the cross-section modulus around the 
neutral axis which is parallel to axis 88. This im- 

20 proves the helical wire's ability to conform to the 
vessel's curves with a minimal loss in its torque 
carrying capacity which is needed for threading it 
through the obstruction material. 

25 OPERATION 

A process for performing atherectomy com- 
prises the following steps: 

Dilating the obstructed vessel by applying negative 

30 pressure to surrounding tissue by means such as 
the primary chamber 50 and associated means 
shown in FIGURE 1. Inserting into the vessel the 
distal portion of the flexible guide wire assembly 
140 and engaging the obstruction material by 

35 threading the helical wire 170 into it. 

Before starting to form the lumen with the 
flexible catheter, the negative pressure applied to 
the surrounding tissues is replaced with a positive 
pressure which constricts the vessel and urges the 

AO obstruction material onto the helical wire. 

Sliding and distal I y advancing the flexible cath- 
eter 21 over the flexible guide wire assembly to 
form a lumen through the obstructed vessel. 

After the flexible catheter forms the lumen, the 

45 pressure which was applied to the tissue surround- 
ing the vessel to constrict it is removed and option- 
ally replaced with a negative pressure to again 
dilate the vessel and ease in the extraction of the 
system. 

so Finally, the chamber primary 50 and the asso- 

ciated means shown in FIGURE 1 , can be used to 
enhance blood flow through the vessel alternating 
the pressure in the chamber 50 in synchronization 
with th patient's cardiovascular system. Such 

55 blood flow nhancem nt can reduce th lik lihood 
of a blood clot forming in th vessel and improve 
th healing of th leg by providing mor nutrients 
through improved circulation. 
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Claims 

1. An atherectomy system (10) for opening an 
obstructed vessel (13) characterised by a fl xi- 

ble guide-wire assembly (140) insertable into 5 
the vessel, at least a portion of which is made 
of a helical wire having a trapezoidal shaped 
cross-section which narrows in width with in- 
creasing radial distance from the center of the 
helical portion, and. w 
a flexible catheter (21) slidable over said flexi- 
ble guide-wire assembly, having a blade (22) 
at its distal end. 

2. An atherectomy system as in claim 1, charac- 15 
terised in that the helical wire is made of a 
layered construction. 
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